Zhong et al. BMC Cancer (2022) 22:102
https://doi.org/10.1186/s12885-022-09193-0

BMC Cancer

RESEARCH Open Access
®

Check for
updates

Lympho-vascular invasion impacts
the prognosis in breast-conserving surgery:
a systematic review and meta-analysis

Yi-Ming Zhong'", Fei Tong?" and Jun Shen®

Abstract

Background: It is estimated that breast cancer (BC) incidence, especially that of early-stage breast cancer cases con-
tinues to rise due to increased universal screening. Breast-conserving surgery (BCS) is the main intervention for early-
stage BC. Lympho-vascular invasion (LVI) is reported to influence breast cancer prognosis but its prognostic value in
breast-conserving treatment is controversial.

Methods: A search was conducted on the Cochrane library, PubMed, Web of Science, and EMBASE from inception to
December 1%, 2021, without language restrictions, to identify studies that explored the prognosis of lympho-vascular
invasion in breast-conserving surgery. Reviews of each study were conducted, and data extracted. The meta-analysis
was performed with StataSE 16. Study quality assessment was evaluated using the Newcastle-Ottawa Scale.

Results: Overall, 15 studies with 21,704 patients deemed eligible for this study. Event-free survival (EFS), disease-
free survival (DFS), overall survival (OS), distant metastases (DM), loco-regional recurrence (LRR), local recurrence (LR),
breast recurrence (BR), disease specific survival (DSS), and breast cancer specific survival (BCSS), were extracted from
each study. We found that LVI leads to poor OS (HR=1.46, 95% Cl: 1.17-1.83), DM (HR=2.08, 95% Cl: 1.66-2.60) and
LR (HR=2.00, 95% Cl: 1.54-2.61).

Conclusions: We confirmed that early-stage BC patients with LVI-positive have poorer OS, DFS, LRR, BCSS, DM and
LR following receiving BCS than those LVI-negative patients. Mastectomy, in combination with radical systemic
therapies could be considered, especially in those requiring second surgery. How to change the impact of LVl on the
local recurrence rate and long-term survival in patients who undergo BCS may be a valuable research direction in the
future.
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Background

Globally, Breast cancer (BC) accounted for about 2.26
million cases in 2020, surpassing the number of lung can-
cers [1-3]. Moreover, BC is the 5th most common cause

*Correspondence: shenjun0909@zju.edu.cn

"Yi-Ming Zhong and Fei Tong contributed equally to this work.

3 Department of Surgical Oncology, Sir Run Run Shaw Hospital, Medical
School, Zhejiang University, No. 3 Road of Qingchun East, Zhejiang
Province, Hangzhou, China

Full list of author information is available at the end of the article

B BMC

of cancer-related deaths [1].

The proportion of early-stage breast cancers contin-
ues to rise due to universal screening [4]. Advances in
chemotherapy, targeted therapy, endocrine therapy, and
immunotherapy have greatly improved breast cancer
survival [5-7]. Due to early diagnosis and better prog-
nosis, breast-conserving surgery is often recommended.
Although there were some concerns about the surgery at
the beginning [8], the exploration and improvement of
the surgical style has not stopped since 1970s [9, 10]. In
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1996, sentinel lymph node biopsy (SLNB) was adopted in
BC staging and treatment and has promoted the devel-
opment of breast-conserving surgery (BCS, or known
as breast-conserving therapy) for BC [11, 12]. For early-
stage BC, breast-conserving therapy extends disease-spe-
cific survival relative to mastectomy [13] but a high local
recurrence risk (15-year relapse rate of 15.9-21.4%) has
been observed [14].

Numerous breast cancer prognostic factors have been
identified, including disease pathological stage, molecular
subtype, lymph node invasion, lympho-vascular invasion,
and histological grade [15-19]. Clinical studies show that
lympho-vascular invasion correlates with breast cancer
lymph node metastases and poor prognosis [15, 16]. A
positive margin is associated with increased local recur-
rence (LR) in early-stage BC patients receiving BCS [20,
21]. Moreover, lympho-vascular invasion and extran-
odal tumor extension are risk indicators of breast cancer
related lymphoedema [22, 23], which may affect the fur-
ther treatment plan [24]. However, correlation between
lympho-vascular invasion and LR or survival in breast
cancer after breast-conserving therapy is controversial
[25-28]. LVI is not systematically taken into account in
decisions on breast cancer surgery (not mentioned in the
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National Comprehensive Cancer Network (NCCN) [29],
Saint Gallen guidelines [30], or the European Society
for Medical Oncology (ESMO) recommendations [31]).
This meta-analysis of published data aimed to establish
the prognostic significance of LVI in breast-conserving
surgery.

Methods

Literature search and study selection

A systematic literature screening was done on Cochrane
library, PubMed, Web of Science, and Embase, from
inception to December 1%, 2021, including all prospec-
tive and retrospective investigations. The search terms
used on PubMed were: ((breast conservative therapy) OR
(breast-conserving surgery) OR (reserved mastectomy))
AND ((lymphovascular invasion) OR (lympho-vascular
invasion) OR (lympho vascular invasion) OR (tumor
thrombus) OR (carcinoma embolus)). Other search
strategies are shown in Supplementary Material “Search
strategy”. The searches confirmed with the Preferred
Reporting Items For Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 statement [32, 33]. PRISMA 2020
checklist is shown in Supplementary Material “PRISMA
Checklist”. Inclusion criteria were: 1) The study contains

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. 1 PRISMA 2020 flow diagram for meta-analysis

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
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lympho-vascular invasion data after breast-conserving
surgery; 2) Study has sufficient information for 95% con-
fidence interval (95% CI) and Hazard Ratio (HR) analy-
ses of the outcomes; 3) The study performed multivariate
analyses. Exclusion criteria were: 1) Use of non-standard
treatment; 2) Lack of distinction between LVI-unknown
and LVI-positive patients in the analysis; 3) The survival
data weren’t compared within BCS patients, for example:
BCS patients with mastectomy patients. Case reports,
letters, commentary articles, and conference abstracts
were excluded.

Retrieval and quality assessment of data

Two independent researchers (YZ and FT) performed
retrieval and quality assessment of data. The informa-
tion extracted included number of patients included in
studies, year of publication, first author’s name, study
type, median follow-up months, breast cancer subtype,

Table 1 The characteristic of each involved study
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treatment type, and outcomes. The HR and 95% Cls were
extracted from each study and classified by different out-
comes. Prospective studies were assessed using Cochrane
RoB 2.0 tool [34]. The Newcastle-Ottawa scale (NOS)
was applied to analyze retrospective studies [35].

Statistical analysis

Pooled HR with 95% CIs (95% CI) were determined for
all extracted outcomes (OS, DFS, EFS, LR, LRR, DM,
BR, BCSS and DSS). I? test was used to assess statisti-
cal heterogeneity. I° >56% indicated significant het-
erogeneity. I* < 31% indicated homogeneity. I between
31% and 56% indicated mild heterogeneity [36]. The
meta-analysis was done by applying the random effect
model. Egger, Funnel plots, and Begg tests were utilized
for the assessment of publication bias. P <0.05 (2-sided)
indicated as statistical significance. All analyses were

Study Year Countryor Studytype Number Median Subtype Chemotherapy® Radiotherapy? Outcomes®
Region of follow-up
patients  months
Magee B[37] 1996 United King-  Prospective 708 96 Not men- No Mixed BR (LR)
dom tioned

Dinshaw KA 2005 India Retrospective 1022 53 All Adjuvant Yes OS/DFS/LRR/

[25] DM/LR

YoshidaT[38] 2009 Japan Retrospective 2243 64.7 All Adjuvant Mixed DM

Yi O.V.[39] 2009 Korea Retrospective 578 54.1 All Mixed Yes LR

Lupe K [40] 2011 Canada Retrospective 2264 624 All Not mentioned Yes LR

Adkins FC 2011  America Retrospective 1325 62 TNBC Adjuvant Mixed LRR

[41]

Freedman 2012  Brazil Prospective 1478 68 All Mixed Yes 0S

GM [42]

Mittendorf 2013 America Prospective 2983 94.8 All Mixed Yes LRR

EA [43]

Perez CA[44] 2013 America Retrospective 704 51 TNBC Adjuvant Mixed OS/LRR/DM

Matsuda N 2014 Japan Retrospective 622 51 All Neoadjuvant Yes LRR

[45]

Park JS [46] 2015 Korea Retrospective 1071 114 All Adjuvant Mixed DFS/BCSS
(DSS)

Sopik V[47] 2015 Canada Retrospective 1675 157.2 All Mixed Mixed BCSS (DSS)/LR

Nichol 2017 Canada Retrospective 1034 151.2 HR+ Not mentioned Half patients OS/EFS

AM[26] received

Lee BM[27] 2018 Korea Retrospective 2206 73 All Mixed Yes (0N

Chen SY[28] 2018 China Retrospective 1791 504 All Adjuvant Yes OS/DFS/LRR/
DM

LR, Local recurrence; LRR, Local-regional recurrence; BR, Breast recurrence; DFS, Disease-free survival; BCSS, Breast cancer-specific survival; DSS, Disease-specific
survival; DM, Distant metastases; OS, Overall survival; EFS, Event-free survival

@ Chemotherapy is according to standard therapy, "Adjuvant" represents the study that excludes the patients who received neoadjuvant chemotherapy,
"Neoadjuvant” means the study only includes the patients who received neoadjuvant chemotherapy, "Mixed" means the study contains all the BCS patients. Notice:
"Adjuvant"” and "Mixed" contain the patients who didn’t receive the chemotherapy

b "Yes" for the radiotherapy represents that the study excludes the patients who didn't receive the radiotherapy or received the nonstandard radiotherapy, "Mixed"
means the study contains all the BCS patients

¢ According to the original articles, BR is equal to LR, BCSS is equal to DSS. Univariate analysis has been excluded
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Table 2 Cochrane RoB 2.0 tool evaluate for the RCTs
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Study Outcomes D1 D2 D3 D4 D5 D6

Magee B et al. (1996) [37] LR . A ‘ . ‘ @
Freedman GM et al. (2012) [42] LRR/OS ‘ . . ‘ ‘ .
Mittendorf EA et al. (2013) [43] LRR . ‘ . . . @

Domains: D1: Randomization process

D2: Deviations from intended interventions
D3: Missing outcome data

D4: Measurement of the outcome

D5: Selection of the reported result

D6: Overall

1 anand:
‘Low risk

@Some concerns
High risk

carried out with the Stata, version 16.0 (Stata Corpora-
tion, College Station. TX).

Results

Study selection and quality assessment

Our search strategy identified 716 records and 5 addi-
tional records were identified from references in these
studies (Fig. 1). After 258 duplicate records removal,
458 records remained. Of these, 372 were excluded after
title and abstract review. Of the remaining 86 records, 5
reports couldn’t be retrieved, 19 were excluded because
of unrelated topic, 52 weren't meeting inclusion crite-
ria or meeting exclusion criteria, as shown in the flow
diagram (Fig. 1). Finally, 15 full-text studies involv-
ing 21,704 patients were included this meta-analysis
(Table 1). Among these, 3 were prospective and 12 were

Table 3 NOS scale for the cohort studies

retrospective. The characteristics and quality of the stud-
ies are shown on Tables 1, 2, 3.

Prognosis of lympho-vascular invasion

after breast-conserving surgery

Of the prospective studies, Freedman GM et al.[42]
showed the outcomes of LRR and OS (HR=1.254, 95%
CI 0.944-1.667, p=0.12), Mittendoff EA et al.[43] ana-
lyzed LRR (HR=1.49, 95% CI 1.02-2.17, p=0.039),
and Magee B et al.[37] identified LR (HR=1.78, 95% CI
1.035-3.063, p=0.037) as outcomes. Additionally, the
study of Freedman GM et al.[42] only contained HR for
LRR, except for the 95% CI and p-value; Magee B et al.
showed éf (equal to Hazard Ratio), and p-value, in order
to have the unification, we transferred these data into
HR and 95% CI according to the functions conducted

Study Selection

Comparability

Outcomes NOS score

Dinshaw KA et al. (2005) [25]
Yoshida T et al. (2009) [38]
YiOV. et al. (2009) [39]
Lupe Ketal. (2011) [40]
Adkins FC et al. (2011) [41]
Perez CA et al. (2013) [44]
cNetal. (2014) [45]

Park JS et al. (2015) [46]
Sopik Vet al. (2015) [47]
Nichol AM et al. (2017) [26]
Lee BM et al. (2018) [27]
Chen SY et al. (2018) [28]
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by Altman DG et al.[48] Because the three prospective
studies involved different outcomes, the meta-analysis
could not be applied on them. Thus, the meta-analysis
was conducted on the retrospective studies assessed by
random effects model. The HR and 95% CI data were
separately pooled from each study. Outcomes included:
overall survival (OS), disease-free survival (DFS), event-
free survival (EFS), local recurrence (LR), loco-regional
recurrence (LRR), distant metastases (DM), breast
recurrence (BR), breast cancer specific survival (BCSS),
and disease specific survival (DSS). According to the def-
initions in these studies, BR is equal to LR and BCSS is
equal to DSS. Major outcomes in each study are shown
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on Table 1. The meta-analysis on retrospective stud-
ies showed that lympho-vascular invasion (LVI) after
breast-conserving surgery significantly worsened OS,
DEFS, LRR, BCSS, DM and LR (Fig. 2). Results of hetero-
geneity tests are shown on Fig. 2. There were only two
studies included in the BCSS, and the heterogeneity was
relatively high (#=73.8%, p=0.051). On the other hand,
the conclusion of each study both showed the significant
difference in the BCSS outcomes, so we accepted this
heterogeneity. Mild heterogeneity was also observed in
DFS (P= 50.5%, p = 0.133). Thus, we evaluated its simi-
larity to that of BCSS and accepted the heterogeneity.
Taken together, this meta-analysis found that LVI is a

Hazard %

Study Ratio (95% Cl) Weight p
oS
Chen SY et al. (2018) <+ 1.70 (0.48,5.93) 3.90 0.404
Lee BM et al. (2018) + 1.48 (0.69, 3.18) 1055 0.305
Nichol AM et al. (2017) ——r—— 0.77 (0.40,1.49) 1425 043
Perez CAet al. (2013) —— 1.42(091,2.19) 3233 0.1193
Dinshaw KA et al. (2005) —_—— 2.01(1.35,2.99) 3897 0.001
Subtotal (I-squared = 34.8%, p = 0.190) L 1.51(1.18, 1.93) 100.00
DFS
Chen SY et al. (2018) + » 347(1.17,10.29)597 0.024
Park JS et al. (2015) —_—— 375(1.92,7.33) 1577 <0.001
Dinshaw KA et al. (2005) — 1.90 (1.41,257) 7827 <0.001
Subtotal (I-squared =50.5%, p=0.133) > 2.19(1.68,2.86) 100.00
LRR
Chen SY et al. (2018) + 326(1.23,868) 514  0.018
Matsuda N et al. (2014) —_— 255(1.33,487) 1165 0.005
Perez CAetal. (2013) —_—— 250(1.38,4.54) 13.89 0.0022
Adkins FC et al. (2011) —— 2.00(1.43,279) 4392 <0.0001
Dinshaw KA et al. (2005) —_—— 236(152,366) 2541 <0.001
Subtotal (I-squared = 0.0%, p = 0.856) L 227 (1.82,2.83) 100.00
BCSS
Sopik V et al. (2015) —— 1.94 (1.47,256) 8934 <0.0001
Park JS et al. (2015) + 453(2.03,10.10)1066 <0.001
Subtotal (I-squared = 73.8%, p = 0.051) L 2.12(1.63,2.76) 100.00
DM
Chen SY et al. (2018) ¢ 261(069,7.71) 345 0.158
Perez CAet al. (2013) - 1.55(0.90,2.72) 1635 0.12
Yoshida T et al. (2009) —_— 247 (167,365) 3282 <0.0001
Dinshaw KA et al. (2005) —_— 201(1.45,278) 4739 <0.001
Subtotal (I-squared = 0.0%, p = 0.570) L 2.08 (1.66, 2.60) 100.00
LR
Sopik V et al. (2015) g 1.73(1.22,2.46) 57.19 0.002
Lupe K et al. (2011) 1.22(0.51,2.94) 9.10 0.659
Dinshaw KA et al. (2005) —_—— 285(168,483) 2522 <0.001
YiO.V. et al. (2009) + 3.18(1.28,790) 849 0.013
Subtotal (I-squared = 34.8%, p = 0.203) > 2.00(1.54,2.61) 100.00

[ | [

5 1 152 3

Fig. 2 Forest plot of meta-analysis and cumulative meta-analysis in primary outcomes
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significant prognostic factor in early-stage breast cancer
after BCS.

Publication bias and sensitivity analyses

Funnel plots indicated a symmetric distribu-
tion of included studies. Begg and Egger tests
(Begg=0.112>0.05, Egger=0.279>0.05) revealed no
publication bias in these studies (Fig. 3), which was con-
firmed by sensitivity analyses.

Discussion

Lympho-vascular invasion correlates with lymph node
metastases and poor breast cancer prognosis [15, 16].
Breast-conserving surgery is a standard treatment option
for early-stage breast cancer. However, few studies
have focused on the prognostic role of LVI after breast-
conserving surgery. This meta-analysis involved stud-
ies on breast-conserving surgery that contain LVI data.
The prospective studies included showed the significant
longer LR and LRR in LVI positive patients than LVI
negative patients who underwent breast-conserving ther-
apy, whereas with the similar OS [37, 42, 43]. However,
we could not meta-analyze the prospective studies due
to insufficient data. The conclusions of the retrospective
studies included in our meta-analysis were controversial.
DFS, LRR and BCSS were significantly different between
LVI-positive and negative patients, studies showed a poor
prognosis in LVI-positive patients; however, controversial
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conclusions were conducted in OS, DM and LR. In this
meta-analysis, we conclude that early-stage breast cancer
patients after breast-conserving surgery with LVI showed
poorer OS, DFS, LRR, BCSS, DM and LR than those
without LVI.

We noticed that some studies chose OS as outcome,
showed different trends in HR or p-value: In the study of
Nichol AM et al. [26] the HR is less than 1 (HR=0.77)
with a p-value greater than 0.05 (p=0.43), while Din-
shaw KA et al. [25, 49] showed the significance in the
OS (p=0.001) and the HR is greater than 1 (HR=2.01)
(Fig. 2). Sensitivity analyses after exclusion of both stud-
ies and redoing the meta-analysis with the remaining
studies also revealed significant difference (Fig. 4), and
low heterogeneity (I =0%, p=0.954). Indicating that all
these studies should be included in the meta-analysis.

A variety of patient, treatment, and pathologic factors
have been reported to be associated with increased risk
of local recurrence after breast conservation therapy. For
breast cancer, positive microscopic margins are associ-
ated with a > twofold higher risk of local recurrence rela-
tive to negative margins [20]. Thus, re-excision to achieve
negative margins should be done for most patients
with positive margins [50]. Our findings show that LVI
positive breast cancer patients undergoing breast con-
servation therapy have a twofold higher risk of local
recurrence relative to LVI-negative patients. Local recur-
rence after breast-conserving surgery for invasive cancer
can influence patient survival. The Early Breast Cancer
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Hazard %
Study Ratio (95% CI) Weight p
(O]
Chen SY et al. (2018) * 1.70(0.48,593) 833  0.404
Lee BM et al. (2018) + 1.48 (0.69,3.18) 22.56 0.305
Perez CAet al. (2013) -+ 1.42(0.91,2.19) 69.11 0.1193
Subtotal (I-squared = 0.0%, p = 0.964) > 1.45 (1.01, 2.09) 100.00
DFS
Chen SY et al. (2018) * > 347 (1.17,10.29)27.46 0.024
Park JS et al. (2015) —_—— 3.75(1.92,7.33) 7254 <0.001
Subtotal (I-squared = 0.0%, p = 0.904) _ 3.67 (2.08, 6.49) 100.00
LRR
Chen SY et al. (2018) + 3.26(1.23,868) 6.89 0.018
Matsuda N et al. (2014) —_—— 2.55(1.33,4.87) 1561 0.005
Perez CAetal. (2013) —_—— 2.50(1.38,4.54) 1862 0.0022
Adkins FC et al. (2011) — 2.00 (1.43,2.79) 5888 <0.0001
Subtotal (I-squared =0.0%, p = 0.731) <> 2.24(1.73,2.89) 100.00
BCSS
Sopik V et al. (2015) — 1.94 (1.47,2.56) 89.34 <(0.0001
Park JS et al. (2015) $ 453 (2.03,10.10)10.66  <0.001
Subtotal (I-squared = 73.8%, p = 0.051) <> 2.12 (1.63,2.76) 100.00
DM
Chen SY et al. (2018) + 261(069,7.71) 655 0.158
Perez CAetal. (2013) + 1.55(0.90,2.72) 31.07 0.12
Yoshida T et al. (2009) —_—— 2.47 (1.67,3.65) 62.38 <0.0001
Subtotal (I-squared = 0.0%, p = 0.381) <> 2.15(1.58, 2.92) 100.00
LR
Sopik V et al. (2015) —_—— 1.73(1.22,2.46) 76.47 0.002
Lupe K et al. (2011) +* 1.22 (0.51,2.94) 1217 0.659
Yi O.V. et al. (2009) + 3.18(1.28,7.90) 11.36 0.013
Subtotal (I-squared = 13.0%, p = 0.317) > 1.78 (1.31, 2.41) 100.00
| | |
5 1 152 3
Fig. 4 Forest blot of survival data for sensitivity analyses

Trialists Collaborative Group (EBCTCG) found that 1 life
is saved at 15-year follow-up for every 4 local recurrences
prevented at 10 years after lumpectomy [51]. Our results
show poor survival in LVI-positive breast cancer patients
with breast conservation therapy. Thus, patients under-
going breast conservation therapy need to know about
the predictive value of LVI on local recurrence and sur-
vival and mastectomy, with or without breast reconstruc-
tion should be considered, especially for patients who
need positive margin re-excision. Recent studies show
that breast reconstruction after a mastectomy has similar
results to breast-conserving surgery in terms of quality of
life [52].

Our meta-analysis based on retrospective studies may
carry bias due to retrospective data analysis. The advent
of molecular subtyping of breast cancer has changed
the paradigm for breast cancer treatment. Neoadju-
vant therapy has been standard care for human epider-
mal growth factor receptor 2 overexpressing, and triple
negative breast cancers [53]. LVI in patients treated
with neoadjuvant chemotherapy was an independent
predictor of local recurrence, distant metastasis, and
overall survival in all breast carcinomas [54]. Clinical
studies on if LVI is an independent prognostic factor
in stage TINOMO breast cancer, and if further systemic
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treatment or mastectomy can improve the prognosis of
LVI-positive patients LVI are needed.

Conclusions

We find that early-stage breast cancer patients after
breast-conserving surgery with LVI showed poorer OS,
DEFS, LRR, BCSS, DM and LR than those without LVL
Mastectomy or its combination with radical systemic
therapies could be considered, especially for patients
who need a second surgery. How to change the impact
of LVI on the local recurrence rate and long-term sur-
vival in patients who undergo breast-conserving surgery
may be a valuable research direction in the future.
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